The aim of the work was to analyze the relationship between the main parameters of lipid metabolism and the intensity of oxidative processes among the inhabitants of the territories contaminated by radionuclides as a result of the

, 50 persons). All examined were the students aged 18 to 24, who had no acute illnesses during the study. We determined the parameters of lipid metabolism, oxidative processes and antioxidant system. A positive correlation of all analyzed lipid metabolism parameters (except for HDL-C) with MDA, ceruloplasmin and the index of oxidative stress was discovered. The highest values of correlation coefficients with oxidative stress indices were observed for low-density lipoprotein cholesterol. Under the conditions of additional emotional stress, the correlation coefficients between the main lipid metabolism and the intensity of oxidative processes increased. Persons who lived for a long time in areas contaminated with radionuclides form the risk group for the development and progression of inflammatory processes. The risk increases under the influence of additional factors of a stressful nature. K e y w o r d s : СhNPP, low doses of radiation, lipid profile, oxidative processes.
T he population of the territories contaminated by radionuclides as a result of the Chornobyl accident continues to experience prolonged exposure to low doses of ionizing radiation. It is supposed that daily consumption of food grown in the zone of enhanced radioecological control remains the main source of internal radiation exposure, mostly with cesium-137 ( 137 Cs). Although the effects of the long-term internal accumulation of radionuclides have been studied superficially, there is the evidence of lipid metabolism violations in this case (in particular cholesterol metabolism) [1] .
Among the sons of the liquidators of Chornobyl accident consequences, there is an increase of neuroendocrine obesity, accompanied by characteristic changes in the level of lipoproteins [2] . Similar tendencies among people who have been living for a long time in the areas contaminated with radionuclides are considered as significant factors in the development of atherosclerosis and other cardiovascular disorders [3] .
Typical signs of metabolic syndrome, described in the scientific literature (dyslipidemia, characteri zed by increased level of triglycerides and LDL-C, lowered level of HDL-C) are closely related to elevated oxidative stress and endothelial dysfunction [4] [5] [6] [7] [8] .
Oxidation processes in the body are activated in conditions of radiation exposure and have qualitative differences from spontaneous (in physiological conditions) [9] . Radiological products with high oxidation or reducing activity lead to stimulation of lipid peroxidation reactions, which in turn, have a damaging effect on the background of enzyme and non-enzyme antioxidant systems exhaustion [10] .
The study of lipid metabolism and redox homeo stasis in residents of radiation-polluted areas relates mainly to the patients with severe pathologies and therefore require further analysis.
The purpose of the work is to find out the specifics of the relationship between the main parameters of lipid metabolism and the intensity of oxidative processes among the inhabitants of the territories contaminated by radionuclides as a result of the Chornobyl accident.
materials and methods
There were examined 100 persons, including a group of people from non-contaminated areas (control group, 50 persons) and inhabitants of territories of the strengthened radioecological control (IV radiation zone, a density of soil pollution with isotopes 137 Cs 3.7•10 4 -18.5•10 4 Bq/m 2 , 50 persons). All examined are the students of Cherkassy National University, aged 18-24, at the time of research not having any acute diseases. There was no statistically significant difference between volunteers of different sex (females were examined in the follicular stage of the menstrual cycle), so they are considered as a single group in the future.
Winter examination session played the role of additional stress factor, which predetermined the development of psycho-emotional load. 15 ml of venous blood was taken in the morning, before eating. The first analysis of the blood parameters was made in the intersession period, the second after the first exam. Medical examinations and blood sampling were taken by qualified medical staff on the basis of "Edem" sanatorium at Cherkasy National University and the biochemical laboratory of the City Hospital N 1 in Cherkasy city.
The research was conducted in compliance with the ethical principles of the European Convention and the Helsinki Declaration, all examined agreed for test taking and results publishing. Total cholesterol (TC) level in serum was determined on the basis of the Lieberman-Burhard reaction (Ilka method). Highdensity lipoprotein cholesterol (HDL-C) level was determined on the basis of the Lieberman-Burhard reaction after lowdensity lipoprotein cholesterol (LDL-C) sedimentation by interaction with MgCl 2 and phosphotungstic acid hydrate. The content of triglycerides (TG) in serum was determined by a standardized method of reaction with acetylacetone after extraction with a mixture of heptane and isopropyl alcohol [11] .
The content of low-density lipoprotein cholesterol (LDL-C) was determined by Friedewald formula: LDL-C = TC -(HDL-C + TG/2.2) [12] .
We have studied the components of oxidative processes and antioxidant system by procedure [13] . The content of malondialdehyde (MDA), ceruloplasmin (CP), transferrin (TR) and sulfhydryl groups (SH) were determined.
The calculation of the oxidative stress index (OSI) was made by the formula: OSI = MDAe/MDAc: [(CPe/CPc + TRe/TRc + + SHe/SHc): 3], where OSI is an index of oxidative stress; MDAethe content of MDA in the experimental group; MDAc -MDA in control group (average); CPecontent of CP in experimental group; CPc -CP in control group (average); TRe-content of TR in the experimental group; TRc -TR in the control group (average); SHe -the content of SH in the experimental group; SHc-SH in the control group (average); 3 -number of components [13] .
Kinetic and statistical calculations were performed by using MS Office computer software. The data are expressed as mean ± standard error (M ± SE).
Normality of distribution of oxidation index, antioxidant system and lipid metabolism was confirmed using ShapiroWilk Test. Samples comparison was carried out by Student's t-test. Distinction significance is indicated by three thresholds: t st {2.02 (P < 0.05) -2.70 (P < 0.01) -3.55 (P < 0.001)} Correlation analysis was performed using the Pearson correlation coefficient.
Correlation coefficient significance is determined by the formula: t r = r/m r ≥ t st {ν = N 2}, where t r is correlation coefficient significance criterion; r -sample correlation coefficient; m r -sample correlation coefficient error; N -number of correlated pairs of values; t st is the standard value of Student's criterion. Sample correlation coefficient error mr was determined by the formula: m r = √ ((1 -r 2 )/(N 2)). If the calculated value t r is more than tabular by Student, the correlation coefficient is conside red as significant. Significance was indicated for ν = 48(N 2) by three thresholds: t st {2.02 (P < 0.05) -2.70 (P < 0.01) -3.55 (P < 0.001)}.
results and discussion
We established that in the group of examined from the areas of strengthened radioecological control the level of total cholesterol, triglycerides, cholesterol of high and low-density lipoproteins is significantly higher than in the control group. The effect was accompanied by a tendency to increase in the level of malonic dialdehyde (the difference with the control group did not have any statistical significance) and a significant decrease in the content of sulfhydryl compounds (Table) .
Under the conditions of additional emotional stress caused by the examination session, in the experimental group, there was a tendency towards an increase in the level of total cholesterol and triglycerides (with cholesterol on the upper limit of the homeostatic norm), a significant increase in the level of cholesterol of low density lipoproteins (on the upper limit of the norm) and decrease in cholesterol of high-density lipoproteins (Table) .
The additional emotional load as a result of the examination session led to increasing the level of malondialdehyde in the control group and a significant increase of the parameter for students who came to study from the territories of enhanced radioecological control. At the same time, both groups showed a significant increase of sulfhydryl compounds in serum. Examined from the experimental group showed significantly lower coefficient than in the control under the same conditions. MDA is a marker of lipid peroxidation that is an autocatalytic free radical process [14] . The sulfhydryl groups SH are important antioxidant components [15] . Thus, the compensation efficiency of the oxidative processes intensification in the group of people from radiation contaminated territories was lower than in the control group (Table). True changes in the level of ceruloplasmin and transferrin have been detected neither in the control nor in the experimental groups.
Ceruloplasmin and transferrin are considered to be important antioxidants that show acting interconsistency [16, 17] . Ceruloplasmin controls the membrane oxidation of lipids, preventing their peroxidation [18] . Thus, the lack of changes in the level of antioxidants on the background of MDA growth in individuals, who have undergone prolonged expoNotes: **P < 0.01; ***P < 0.001: a significant difference between the experimental and control groups under similar conditions; # P < 0.05; ## P < 0.01; ### P < 0.001: a significant change of the parameters in the group under conditions of psycho-emotional load; (M ± SE, n = 50) sure to low dose radiation, can indicate the radiationinduced suppression of the antioxidant status of the organism. As a result, the index of oxidative stress in the examined group has become significantly higher compared with the control (Table) . The specifics of the lipid profile and the oxidative-antioxidant system detected in the experimental group were evident on the background of increased cortisol level in serum compared to control. In conditions of additional emotional stress, the level of cortisol increased both in the control group and in the experimental group (Table) .
The specifics of cortisol level in persons who came to study from the territories of enhanced radioecological control are described in detail in our previous notifications [1921] . Cortisol can significantly affect the processes of lipid metabolism: increases lipoprotein lipase activity, increases the level of LDL-C, reduces receptor formation to LDL-C, inhibiting their absorption by cells and eliminating cholesterol from the bloodstream, increases the activity of lipase releasing fatty acids from deposited triglycerides. The greatest value of corticoid hormones in the development of lipid metabolism disorders is manifested in conditions of chronic psychological stress, depression, low social-economic status [22] [23] [24] .
We reported a positive correlation between the level of cortisol with the levels of TC (total cholesterol), LDL-C, MDA and the value of the oxidative stress index in persons who had undergone a chronic exposure to low doses of ionizing radiation [21, 25] . Analysis of the correlation between the lipid profile and the oxidative-antioxidant balance of the examined from the territories of intensified radioecological control showed that significant positive correlations with the level of MDA, ceruloplasmin and the index of oxidative stress are typical for all of the analyzed lipid metabolism parameters except for the HDL-C (Fig. 1-4) . And for HDL-C no reliab le correlation dependencies were found (Fig. 3) . The level of total cholesterol (under conditions of additional psychoemotional loading) (Fig. 1) and the level of LDL-C (both in the absence and presence of additional psycho-emotional load) are correlated with the level of sulfhydryl compounds (Fig. 4) .
The highest values of the correlation coefficients with the oxidativeantioxidant system parameters were observed for low-density lipoprotein cholesterol, in particular, with MDA levels (r = 0.59 in the absence and r = 0.68 in presence of additional emotional stress) and the index of oxidative stress (r = 0.65 in absence and r = 0.75 in presence of additional emotional stress) (Fig. 4 ).
An increase in the level of malondialdehyde is one of the main signs of lipid peroxidation activation and an oxidative stress biomarker.
Reactive oxygen forms can change the functions and chemical structure of membrane lipids [26, 27] . Accordingly, oxidative stress is involved in pathological processes, such as atherogenic effects, cardiovascular diseases and obesity. Moreover, obesity, in turn, can lead to systemic oxidative stress. Oxidative processes, in particular, lipid peroxidation, correlate with the levels of total cholesterol, LDL-C and triglycerides [26] , which corresponds to the data obtained in the study.
A characteristic feature of the revealed specifics of the relationship between the main parameters of lipid metabolism and the intensity of oxidative processes in the experimental group was the increase in the value of correlation coefficients under conditions of additional emotional stress (Fig. 14) . It is known that prolonged chronic stress leads to adverse quantitative changes not only in the concentration of cor- ticosteroids but also in the lipid spectrum of blood serum: dyslipidemia, accumulation of abdominal fat [28, 29] . In turn, metabolic disorders, in particular, hypercholesterolemia, are considered as the possible factors of the formation of depressive states, especially in women [30] . Generally, in many cases, it is difficult to determine the primary or secondary effects of corticoid hormones and lipid metabolism factors [22] [23] [24] .
On the one hand, in our studies, the parameters of oxidative processes in the group of examined people did not go beyond the homeostatic norm. Doctors did not find any significant signs of a health disorder. However, all students who came to study from ter-ritories contaminated with radionuclides showed inhibition of cellular immunity parameters compared to control [19, 31] . The increase in the level of total cholesterol and cholesterol of low-density lipoproteins was often accompanied by the formation of a syndrome of vegetative-vascular dystonia [21, 32] . Perhaps the absence of noticeable changes in redox homeostasis was due to the fact that radiation-induced oxidative processes are clearly manifested in acute irradiation [9] . In the range of low doses, the consequences are rather ambiguous and, apparently, depend on certain additional factors [33] .
On the other hand, it should be taken into account that the increase of malondialdehyde level among the liquidators of the consequences of the Chernobyl accident is considered to be a risk factor for the activation and chronization of inflammatory processes [34] . Acute inflammations are accompanied both by the intensification of oxidative stress and the signs of a metabolic syndrome associated with lipid metabolism disorders [35] . The formation of the active forms of oxygen by phagocytic cells significantly contributes to the development of inflammation [26] .
Previously, we have shown that in persons who suffered from chronic effects of low doses of radiation, the level of LDL-C positively correlated with the number of immature professional phagocytesstab neutrophils [21] . According to the literature, hypercholesterolemia can stimulate the development of neutrophils in the bone marrow and spleen, which, in turn, creates the preconditions for the formation of inflammatory reactions [36] .
Thus, the revealed specifics of the lipid profile, oxidative processes and their relations among persons aged 18-24 who lived for a long time in areas contaminated with radionuclides were identified as a risk factor of inflammatory processes development and their chronization. The risk increases under the influence of additional factors of a stressful nature. Analyzing the positive effect of normobaric hypoxia on the cellular immunity of this group [37] , it is worth to take into consideration the effectiveness of this therapy on redox homeostasis normalization.
The authors express their sincere gratitude to the chief physician of the "Edem" sanatorium at the Cherkasy National University Pinkovska L. O. for the examination of the experimental and control groups of students and assessment of their health status, and to the medical staff of the sanatorium and the biochemical laboratory of the City Hospital N 1 of Cherkasy city for blood sampling. Бк/м 2 , 50 осіб). Всі обстежені -студенти віком 1824 ро-ків, котрі на час обстеження не мали гострих захворювань. Визначали показники ліпідно-го обміну, окисних процесів та антиоксидант-ної системи. Виявили позитивні кореляційні зв'язки всіх показників ліпідного обміну (крім ХсЛПВЩ) з рівнем МДА, церулоплазміну та індексом окисного стресу. Найвищі значення коефіцієнтів кореляції з показниками окисного стресу відмічено для холестеролу ліпопротеїнів низької щільності. За умов додаткового емоцій-ного стресу значення коефіцієнтів кореляції між основними показниками ліпідного обміну та інтенсивністю окисних процесів зростали. Осо-би, які тривалий час проживали на територіях, забруднених радіонуклідами, становлять групу ризику розвитку та хронізації запальних про-цесів. Ризик зростає за умов впливу додаткових факторів стресової природи. К л ю ч о в і с л о в а: ЧАЕС, малі дози радіа ції, ліпідний профіль, окисні процеси. 
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